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(57) Abstract: HDAC inhibitor of 
the general formula (1) exhibits strong 
inhibitory activity against various subtype 
HDAC' s. The compound is useful as 
a medicinal agent for the treatment or 
prevention of fIDAC 1, 4 and 6-reIated 
diseases. There is further provided a 
process for producing the compound 
which is capable of readily synthesizing 
various types of compounds and is 
promising in the contribution to the 
development of HDAC inhibitor having 
novel properties, etc. 



wo 2004/113366 Al lllllllillllllillllllllllillllliniilinilllllllili^ 



(57) mUfJ: 

PfiW^glt^^-To ^P^^^b-a-^fix HDACl, 4*5J;^J«6{CP■^LTV^'5i^ac^ 




( 1 ) 



wo 2004/113366 



PCT/JP2004/008924 



- 1 - 

5 fe^^g 

:i^^m\t\i:^VyMT±^M\M^ (Histone deacetylase:HDAC) P1*^J*3J; 

10 Mm^m(D^u-r'^:ymmtiim^(Dmmt. \i7.hyr±^Mmm (had 

f^ist^ h^^r-fe^/Wbt^ h:^hi^iiLr±i-Mmm (hdac) (cismr 

wkmmmmmtLXith') =^:^9'^> a ctsa) ^^j^r^-cfe-si^^ii^fFifcife 

20 mi'^Mitmmm^mi^ir^^th^htiXi,^^^ M;tf^\ ^n^^Wxh^U'f- 
iHDAC|5lWj^Ji:0^fflT'3!)S^^flg<D:$)-^k«ii$tL5 (^#fF:^Ci^9^ 1 3, 1 
^OMHt Ur^bi^5DNA(D^^yWb'l:mWi-55-T^fy'^=¥iyiXf■v?^^ 
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wsistt^s (^«^fF«2 2S.T^2 3) . ^mm. &m mmmxw^2A) 

btb-CV^So HDACPl»^J^4J^lLW^MWM<l^^-r6a:#x.bi^TV^S 
10 (^#rP«2 7^t>*2 8) o 

#fF5:i^ 2 9). ^<Dmm^^Kysikc\^mkC2i)m^^ - <^ (^#fF:Sci^ 3 o ) . tu 

15 (APL) (D|gJml;:Mt55gS«PML-RAR-^PLZF-RAR. y ^-/-^MtOH 

ri;j?t*3ds^^tL-rv^5(^#rF«3 1-3 4)o ^<^-;^r% #li^#Me^t-^ 

20 i^!l5^bnTV^5(l^#fF:ti^3 5StJ«3 6)o 

\t\z.mt>^tm.M^^^o ^fc. HDAC6{»hf=<^JK,T-t5^7Wt;(::M#L. 

9) o J;oTHDAC6(7)Pl#^lJ}ife^iJi]WJi:Jfc5BriMtt>65fc5o TSAfi^HDACf-::;^ 
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R22 R23 R32 R33 R42 R43 

^ y V 5? 

P1 -NRii""^^ CONR21 ^"'^ CONR3i'^'^^CONR4i ^'^^ COOP2 

(4) 

(^•fj^ n, R,i, R21, R22, R23> R3I' ^32' ^33' ^iV R«» -R43> ^1' ^2' 

TX-^{t;Sf&^*555N ^fcf*-^^ (5) 

R22 R23 R32 Rd3 R42 R43 

\/ V \/ (5) 

Pi-NR21^^^ CONRai*^^'^ C0NR41^^^ COOH 

{^^^ R„. R,2. Rca, R3,, R4i> R«. J^t>*Pi MIET'^a 



" (6) 
HRltN'^'^^COOPz 

R22 R23 R32 R33 R42 R43 I fl 

y y y Mi" 

Pi-NR2i''^^CONR3i^'''^^CONR4i'^^^CONRii-^ ^C00P2 

(7) 

(^'t'> n, Rji, R21, R22» ^23' ^31* ^32* ^33' '^41> ^» -^3' Pi' P2» 
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5 7k 7yV:tpfi^i?J^M7K^i/^7yV;t-n7°p/-?>'i?*/c{i 1, 1, 1- h y 7 

(1) R„. R3,, Ri,it^M'tim^vx7i<.m-^tcn?<^j^M^7T: 

fo R22. R23. R32. R33. R42. R^sti^^^^fi^tUTTkm. ^^^l~6<^E^r/U=¥ 
T/i-^/i.S<7>v>-fn^^$r^i-, titz. R2,i:Ro,. R,«J;R2„ R3,i:Rr. R3L'-!::R33. "^u^^* 

25 tyt. ^ (1) *xf*, \i7.hymr±^Mm^(DmB^>M^^mir^mm 



wo 2004/113366 



PCT/JP2004/008924 



-17- 



10 



o 



H 




N(OH)COH 



CH3 



15 




COOMe 




Tfk 



20 



CF3 




pfek 



wo 2004/113366 

- 1 8 



CF3 



5 




. 10 

H 



15 




20 

H 
N 

^ HS 



PCT/JP2004/008924 



Mtfe 



OPD 



OAPOH 



OAPNH 



OATP 



25 



wo 2004/113366 



PCT/JP2004/008924 



-19- 



h9-<^'f'mitt>hwx^. mmm^^hfj^^^^mit. m)kcomm^^y\^u^ 

mit. (2) ^L<« (6) -C^^tl.fdb-a-!^^I^>*^i:LXOT(^ai^^ 

>&^"C^ So n, Rip R21, R22> R23> '^SP 1^32' ^33» ^^42' ^43* 

10 (^ra^^s^-r^o 




(2) 



HNR21 




COOP2 



(3) 



P1-NR11 




R22 R23 R32 R33 

CONR21 CONRsi*"^^^ 



CONR41 



R42 R43 



COOP2 



(4) 
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10 ^m^imh\^xm&-t^-)5W^'h^o ^wmz.\i.^ (5) 
R22 R23 R32 R33 R42 R43 



X X X 



(5) 

Pi°NR2i^ ^CONRsi'^^^ ^CONR^i'^ ^COOH 
■^7r.^i\.h\Y.-^m^. -^^ (6) 




<6) 



R22 R23 R32 R33 R42 R43 

y X y 



Pi-NR2i^ ^CONR3i'^ ^C0NR4i^ ^CONRii^''^^C00P2 

(7) 
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fi 1,1, l-h y 7/V';rn-3-y'p^T-fe b ^ ,i:^;S;^-B:-CSiJa<^e^^X i: J^t-f— 
(1) X^^Mit^S^^n^o 

i:^5^^At^^»fe^btl•CV^5 (Yoshida, M., Nomura, S. , and Beppu, T. (1987) E 
ffects of trichostatins on differentiation of murine erythroleukemia cell 
s. Cancer Res. 47: 3688-3691; Hoshikawa, Y. , Kijiraa, M. , Yoshida, M. , and 

15 Beppu, T. (1991) Expression of differentiation-related markers in terato 
carcinoma cells via histone hyperacetylation by trichostatin A. Agric. Bi 
ol. Chem. 55: 1491-1495; Minucci, S. , Horn, V., Bhattacharyya, N. , Russan 
ova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozato, K. (199 
7) A histone deacetylase inhibitor potentiates retinoid receptor action i 

20 n embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300; 
Inokoshi, J., Katagiri, M. , Arima, S. , Tanaka, H. , Hayashi, M. , Kim, Y. 
B. , Furumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. (1999). Neuro 
nal differentiation of Neuro 2a cells by inhibitors of cell progression, 
trichostatin A and butyrolactone I. Biochem. Biophys. Res. Commun. 256, 3 

25 72-376; Wang, J., Saunthararajah, Y. , Redner, R. L. , and Liu, J. M. (199 
9) Inhibitors of histone deacetylase relieve ETO-mediated repression and 
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induce differentiation of AMLl-ETO leukemia cells. Cancer Res. 59: 2766-2 
769; Munster, P. N. , Troso-Sandoval, T., Rosen, N. , Rifkind, R. , Marks, P. 
A. , and Richon, V. M. (2001) The histone deacetylase inhibitor suberoyla 
nilide hydroxamic acid induces differentiation of human breast cancer eel 
5 Is. Cancer Res. 61: 8492-8497; Ferrara, P. P., Fazi, P., Bianchini, A., P 
adula, F. , Gelmetti, V. , Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coo 

0, P., and Nervi, C. (2001) Histone deacetylase-targeted treatment restor 
es retinoic acid signaling and differentiation in acute myeloid leukemia. 

Cancer Res. 61: 2-7; Gottlicher, JL, Minucci, S. , Zhu, P., Kramer, 0. H. , 
10 Schimpf, A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelicc 

1, P. G. , and Heinzel, T. (2001) Valproic acid defines a novel class of H 
DAC inhibitors inducing differentiation of transformed cells. HffiO J. 20: 

6969-6978) „ jzoT. i^mm(Dit^mt. t:jk h-i^^^#^j, ^itmmnk 

15 t.1t. m}kC^m.^ir^it^mt. jfiLtif^^Ra«i-5i:i^^.^n-CV^S (Kim, 
M. S., Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E. . Lee, S. W. . Moo 
n, E. J., Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. W. 

(2001) Histone deacetylases induce angiogenesis by negative regulation o 
f tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., Kim, M. S. , 

20 Kim, M. J. , Nakajima, H. , and Kim, K. W. (2002) Histone deacetylase inhi 
bitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 290-296) o <fc 
oT. :iF^m^^(Dih^m-i. ifiLt^^PlW^SpJ.^ LTljfiJfflt?#So 

tit. :i^^m<Oit^mt. m^(Dm)kC(D^ib, HDACI, 4t.-kit6\znLX^ 
V^PlW^S^4^^-r<. ^(Otct>. ^mn(D\t-^m\i. HDACI, 4tfcfi6tceBL 

25 fz.^^m(Dimi^tc\t.'f^(Dfc}^(Omnt UT^ffilC/jJ5o ^L^m^t tT«x tit 
humz-h. HDACI, 4^fc«6:iS||4.L^ciB:fe^^.S> ^^^^tt^S, ^/S 



wo 2004/113366 



PCT/JP2004/008924 



- 2 3 - 

10 (omM^u^mMnn'¥\^-^^^^xhii\'\ :L<DmMunt\.x\'i.^n<Dnm^ 
?&«i6^^fcfii^ES@6^(cjtsC-cji«^-et. #ijx.fi\ ^^j. ^^J, WM. mn. 
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5 mtLx\t. mx.i-i. mMMm. mM-i^^nm. mmi^^mm. m&^^Mtiif 

20 |ffl#M^AHbiT/So 

Hlf^. —1^^ (1) (Dit^mtryfiLitmXh^o 
25 |g| 3 {t. 5^^0Cyl-l, Cyl-2{tSt#:3 ^ -i/ a y^lr^i-Hl-efcSo 
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4, R5, R6fi#>!rN(0H)C0H(n=4), N(0H)C0H(n=5), N(0H)C0H(n=6) iSr^1-o 
- M5}X 0-phenylenediamine (OPD) , 0-aminophenol©T 5 K (OAPOH) . 0-am 
inophenolcO^;:^^-/^ (OAPNH) . 0-aminothiophenol (OATP) (DMi&^^^l^tz'^ 
5 T?fc5o 

2-amino-6-bromohexanoic acid^ TAbBj ty 2-amino-6-acetylthiohexanoic ac 
id^ rAm6(Ac)j x 2-ainino-6-(3' ,3' ,3' -trifluoracetonylthio)-hexanoic ac 
id$r rAm6(Tfacet)j , 2, 8-diaminooctanoic acid^ rA2ocJ ^ 2-amino-7-dimeth 
ylphosphonylheptanoic acid^ TAphJ > a-aminosuberic acid^ TAsuJ ^ formy 

15 rporj > homolysine^ THlyJ ^ 2-amino^8-oxo-9, 9, 9-trif luorononanoic 

acid^ TTfrnJ , 0-methy]tyrosinefi rTyr(Me)j , 2-amino-8-oxo-9, 9, 10, 10, 10- 
pentafluorodecanoic acid^ TpfeJ ^ pipecolic acid^ Tpipj t^i^'to i^ti^ 
0-phenylenediamine^ TOPDJ ^ Q-aminophenolCOT ^ TOAPGHJ ^ 0-aminophe 
noKDs^J^y'/l^^ rOAPNHj . 0-aminothiophenol TOATPJ t^^-fo 

20 MMMl. cyclo(-L-Asu(OMe)-D-Tyr(Me) -L-Ile-D-Pro-) O-g-^ 

|!E#tD;^&T'-a-^bfc:cyclo(-L-Asu(OBzl)-D-Tyr(Me)-L-Ile-D-Pro-) (0.150 m 
ml, 100 mg) ^ MeOH (1 ml) i^^Ml^fto 4 N nCl/i^:t^-9-y (50 fil) $r*D 

ISiiLx 7;^— A)|^(Dg6^i^Sr#^ (column: Merck Kiesekgel 60 01.5x15 cm, 
25 eluent: CHCls/MeOH, 99/l)o llX* 65 mg (0.113 mmol, 7694)o 

%W^\2. cyclo(-L-Lys(For, OH)-D-Tyr(Me)-L-Ile-L-Pip-) *3«J;T^cyclo(-L- 
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Lys(For, OH)-D-Tyr(Me)-L-Ile-D-Pip-) (D^^ 

(1) Ac-DL-Abe-OtBut^-a-^ 

Ac-DL-Ab6-0H (1.26 g, 50 mmol) $rDCM (100 ml) (C^fi?L. ^WM (1 ml) 

^M^tz. 7mT. -(y:/i-uy:ff^ (5o mi) ^pAtii^> Muv 110 TO* 
5 x^fzo 4% mmyi^^-r v V i^atKM (so mi) ^^Dx.fc^. ikm\^x4 yy^^i^ 

Tk^l^^ ISfP^itTKT'^n^tL 3 [H]?5fc#L. «-^i?'^^e/^A-el^jSm. DCM^ 

(column: Merck Kieselgel 60 $5.0x10 cm, eluent: CHCI3 /MeOH, 49/1) o TLC: 
10 Rf, 0.8 (CHCls/MeOH, 49/1) „ 9.25 g (30.1 iranol, 60%) „ 

(2) Ac-DL-Lys(OBzl)-OtBu (D^^ 

Ac-DL-Ab6-0tBu (9.25 g, 30 mmol) ^Ir7<^y~/V (120 ml) JC^^L. 0-^^ 
i^/U}^ h^u^^y/VT^ylSmM. (9.58 g, 60 mmol) idXmiEk (20.9 ml, 120 m 

moi) ^M^. 8o°c V ABrnmrn^n-ofco KJtm^m^L. i^^^^/i--ettai 
15 Lfco 4% ^m:^mi- b V ^j^^T^mm. s^stkt- i (u-f oijfc^uyt^. mm-r v 

X^UL, i^^y^Vt<Dnff^'^^Wz (column: Merck Kieselgel 60 05.0x22 c 
. m, eluent: CHCVMeOH, 49/1) o TLC: Rf, 0.3 (CHCVMeOH, 49/1) » HXft 5.13 
g (14.6 mmol, 49%) » 
20 (3) Ac-DL-Lys (For, OBzl)-0tBu <^-^J?fe 

7l<?^TAc-DL-Lys(0Bzl)-0tBu (4.01 g, 11.5 mmol) i^^B (58 ml) ^ScfctJ'M 
(5.4 ml, 50 mmol) ^M:^. 1 mm^WLtCo RJi^M^^^U S^^^f" 

v-y hi/7 7-Y-X'ltML> v^p 5/:/ifcfe(^gfi*]t)*#^c (column: 

25 Merck Kieselgel 60 $3.4x20 cm, eluent: CHClj/MeOH, 99/1) o TLC: Rf, 0.45 
(CHClj/MeOH. 49 Do lIXS 3.27 g (8.53 mmol, 75%) o 
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(4) Ac-DL-Lys(For, OBzD-OH (O^J^ 

Ac-DL-Lys(For, 0Bzl)-OtBu (3.27 g, 8.53 mmol) (CTFA (9 ml) ^iPx.s ^jS 
■C 2 ^W*i:gLfc<, i^m3^^/VT?ttttl Lfco 3 UlTKiJfeU. WB. 

5 (5) Boc-L-Lys(For, OBzD-OH (r>^^ 

Ac-DL-Lys(For, 0Bzl)-OH (8.53 mmol) trl^^Tk (2 ml) IC^^L. 2 N 

(7 mg) Aspergillus genus T^/Ti/y— ^ (260 mg) ^n^. 40'C X' 

-B**fe«Lfc. S«Sr5 ml (5 ml) ^X?^T 

10 B0C2O (1.86 g, 8.52 mmol) *5j;t)^ EtgN (1.79 ml, 12.8 mmol) n^MTL. 6 

ti^bfco v^rt^f-V-^g^Ls a^^g^^^^/WX'ttmbfCo 10% ^a:.l^Wc^ 

-C?fi^(7)S^«^?lr'f#fco JlX* 2.34 g (6.15 mmol, 100%)o 

(6) Boc-L-Lys(For, OBzl)-OTmse W-g-^ 

16 Boc-L-Lys(For, 0Bzl)-OH (2.34 g, 6.15 mmol) *5itJ« Tmse-OH (1.76 ml, 12. 
8 mmoDSrDCM (3 ml) {C^||L.. ^i^T DMA? (15 mg, 0.62 mmol) *Jj;t>* DCC 
(1.52 g, 7.38 mmol) 10 0#W#Lfc. S«SrMfSL. M^l^^^ 

10% i5':3^:/@s7K@^. 4% mmm'tv^)^2^imwL. m^-h 

20 v'y:^^/^^:^ hi5^7 7^--C*ffii^L. im.(n>^mii^%t. (column: Mer 

ck Kieselgel 60 $2.4x20 cm, eluent: AcOEt/hexane. 1/4) „ TLC: Rf, 0.5 (CH 
Cla/MeOH, 99/1), HXl: 338 mg (0.7 mmol, 11%) 0 

(7) Boc-L-Ile-DL-Pip-OBzl O-g-^ 

Boc-L-Ile-OH • I/2H2O (2. 88 g, 12 mmol) . HCl • H-DL-Pip-OBzl (2. 55 g, 10 
25 mmol) *5j;t>* HOBt • HjO (2.30 g, 15 mmol) ;|:DMF (10 ml) (C^^^L. 7lC?^T E 
tjN (1.4 ml, 10 mmol) ^^X^ DCC (3.10 g, 15 mmol) ^M^Jto — Bfe^^U. 
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I]X* 3.79 g (9. 1 mmol, 91%) „ 

5 (8) Boc-D-Tyr(Me)-L-Ile-DL-Pip-OBzl <D^^ 

Boc-L-Ile-DL-Pip-OBzl (2.64 g, 6.1 mmol) {CtK^pT TFA (4 ml) 30 
'M-^ni^tCo TFA ^^®*bfc^. Boc-D-Tyr(Me)-OH (2.16 g, 7.3 mmol) 
tJ« HOBt • H2O (1.40 g. 9.15 mmol) ^M^. DMF (10 ml) (C^^LfCo 7k?nT H 
BTU (3.47 g, 9.15 mmol) 43j;t)« EtjN (3.51 ml, 25 mmol) ttxi. 1 ^mW:W 

10 LtZo S«^ML. aM^im^^/l'-Ctttti Lfco 10% 

4% ^ijTK*-:^ h V ^j^Tk^m. t&fp:^i&7K-e^nm3 msfei^L. mm-^^^- 

t-C"7^— i^:|^(7)@|cl*J^^#fc (column: Merck Kieselgel 60 *5. 0x12 cm, elu 
ent: CHClj/MeOH, 99/1) o TLC: Rf. 0.75 (CHCls/MeOH, 9/1) „ HX* 2.45 g (4.02 
15 mmol, 66%) o 

(9) Boc-D-Tyr(Me)-L-lle-DL-Pip-OH (D^jH 

Boc-D-Tyr(Me)-L-ILe-DL-Pip-OBzl (2. 45 g, 4. 02 mmol) ^^^Z— /l^ (10 m 

1) kmm\^. pd-c (500 mg) ^M^. imw-mn.T. ^s-e 3 ^fmwx^tz.. 

Sf&fll^^ Pd-C ^itiit. p<^/-/V^W*UT7;i— A^<^gfi<]#I^#fco 
20 liX* 1.98 g (3.81 mmol, 95%) o 

(10) Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-Lys(For, OBzl)-OTmse (^-^^ 
tIc^T Boc-L-Lys(For. OBzl)-OTmse (338 mg, 0.7 mmol) I^ITFA (1 ml) 

TL. 30 ^WmX^t^o TFA Boc-D-Tyr(Me)-L-Ile-DL-Pip-OH (363 m 

g, 0.7 mmol) ^X.X^ HOBt • HjO (160 mg, L05 mmol) ^Mt^. DMF (1 ml) \zM 
25 j^LfCo 7K?^T HBTU (398 mg, 1.05 mmol) *3j;TJ? EtgN (0.41 ml, 2.9 mmol) 
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^7 7^— (ilJ: i^^(D@6<]tl*#fc (column: Merck Kieselge 

1 60 a> 1.5x12 cm, eluent: CHClj/MeOH, 99/1) o TLC: Rf, 0.3 (CHCla/MeOH, 49 
5 /Do M 485 mg (0.55 mmol, 79%) „ 

(11) TFA • H-D-Tyr(Me)-L-Ile-DL-Pip-L-Lys(For, OBzl)-OH (D%^ 
Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-Lys(For, OBzl)-OTmse (485 mg, 0. 55 mmol) 

^DMF (0.5 ml) \ZM%\^. 1 M TBAF/THF (2.2 ml, 2.2 mmol) ^^)D;t^ 3 

0 ^im\^f^. mM-kwm\.. n^^^n-^^)\^-^m^\^f^. 10% ^^^ym^ 

W^feUfCe Cttiw. TkJ^TTFA (2 ml) ^*Px. 30 :5>|i:eLfCo TFA trg^tfc 

mg (0. 55 mmol. 100%) <, 

(12) cyclo(-L-Lys(For, OBzl)-D-Tyr(Me)-L-Ile-L-Pip-) i3 i t>*cyclo (-L-Ly 
15 s(For, OBzl)-D-Tyr(Me)-L-Ile-D-Fip-) <n>^^ 

TFA • H-D-Tyr(Me)-L-Ile-DL-Pip-L-Lys(For, OBzDhDH (489 mg, 0. 55 mmol) 
^ DMF (5 ml) \zM%\^f-^o DMF (275 ml) ±bEx N7'<7'^K/DMF 

(1 ml). HATU (63 mg, 0.16 mmol) *5cfctJ« 0.076 M DIEA/DMF "mW. (1 ml) ^iJD 
MT- 1 ^ra^«iLfco 5 IeI#»)agUfc^. S«^lr^^L-C. ^ 

20 ^^f^^^^/l^T'ttai bfCo 10% P:^l^W^W^. 4% ^^tK^-^" "^i^*^ 

/w^SrW^bfCo v^y;5;'5^yViJ'n^hi/7 7^-T'^tiSU. i;?T;^x l/:^-^- (LDL 
L-f*: *5J:t^ LDLD-f*:) (7)^il^firV^. AJbt© @ 6*Jti*#fc (colu 

mn: Merck Kieselgel 60 01.5x35 cm, eluent: CHClj/MeOH, 99/1), LDLL-i^ls : 
25 JlX* 88 mg (0.13 mmol, 24%). TLC: Rf, 0.8 (CHCla/MeOH, 9/1). RP-HPLC rete 
ntion time: 22.44 min (column: WakoPak C18 $4.6x150 mm, eluent: CH3CN 1 
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0-100%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o LDLD- 
fls : IIX* 92 mg (0.14 mmol, 25%) , TLC: Rf, 0.9 (CHCVMeOH, 9/1). RP-HPLC 
retention time: 24.59 min (column: WakoPak C18 $4.6x150 ram, eluent: CHj 
CN 10-100%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o 
5 (13) cyclo(-L-Lys(For, OH)-D-Tyr(Me)-L-Ile-L-Pip-) <D^^ 

cyclo(-L-Lys(For. OBzl)-D-Tyr (Me)-L-Ile-L-Pip-) (88 mg, 0. 13 mmol) 
^/—JV (2 ml) (;i^^Us Pd-C (100 mg) ^M^. tK^^H^T. 1 B# 

mm.WLfz.. Pd-C ^^liiL. ^i?y-/>^g*Lfc:o ^t*S^ii^tTV\ 
^#fCo ^M. 76 mg (0.13 mmol, 100%) „ RP-HPLC retention time: 17.78 min 
10 (column: WakoPak C18 $4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear 
gradient over 30 min, flow rate: 1 ml/min)o FABMS (matrix: 2, 2' -dithiod 
iethanol): m/z, 574.3228 [M+H]* (Calcd. , 573.3163, C29H430A)o 
(14) cyclo(-L-Lys(For, OH)-D-Tyr(Me)-L-Ile-D-Pip-) (D^J^ 
cyclo (-L-Lys (For, OBzl)-D-Tyr (Me)-L-lle-I>-Pip-) (92 mg, 0. 14 mmol) 
15 ^/—/l^ (2 ml) \LmM\^tio Pd-C (100 mg) ^M:^. *^#HMT. ^jfiT* 1 
mmmWLtZo HPLC iCTSJE&flSIS^. Pd-C ^iiiiL. p< / -A LfCo 
?:S^|£ii^^fl/\ efel^*^#fCo HXS 75 mg (0.13 mmol, 93%)o RP-HPLC rete 
ntion time: 19.57 min (column: WakoPak C18 $4.6x150 mm, eluent: CH3CN 1 
0-100%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o FABMS 
20 (matrix: 2, 2' -dithiodiethanol) : m/z, 574.3230 [M+H]* (Calcd., 573.3163, 

C29H43O7N5) o 

MMmS. cyclo (-L-Hly (For, OH)-D-Tyr (Me)-L-Ile-L-Pip-) *5<tt)5cyclo(-L- 
Hly(For, OH)-D-Tyr(Me)-L-Ile-D-Pip-) (D^^ 
(1) Boc-L-Ab7-0Tmse (D^^ 
25 Boc-L-Ab7-0H (2.7 g, 8.3 mmol) *5<J;t>? Tmse-QH (2.37 ml, 16.6 mmol) ^ D 
CM (4 ml) (C^«?t> Tia^T DMAP (101 mg, 0.83 mmol) idXXf dCC (2.05 g, 9. 
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96 mmoi) ^M^. 6 mmmwLfco Rjt^m^mmu g^^^^^/^t'ttm^tTofc 

"CMML. ?ft)K©i6^<^^#/c (column: Merck Kieselgel 60 $3. 
5 4x20 cm, eluent: AcOEt/hexane, 1/8) o TLC: Rf, 0.85 (CHClj/MeOH, 49/1) » 
IR* 1.92 mg (4.54 mmol, 55%) „ 

(2) O-^^-v^/Vt Kp=^VT5 Kt^-^fig 

0-^:/i;yWt }iti^-y/l^T ^l^MM^ (3.19 g, 20 mmol) nu:^jVJ^K^ 

10 tt^./uA^^^Lfc. m^=¥M (20 ml ) KmMVfco -:^7k?^T-e*i7Kf^i? 

(7.5 ml. 80 mmol) (40 ml) 30 ^mtkUl^tCo ^itbl-s ±IEO-^ 

y^^^il^^^/vr-ttaiLfCo 10% ^5^3i>^7K^?i^, 4% l^mykmi-h]) ^J^Tk 

7t (column: Merck Kieselgel 60 05.0x12 cm, eluent: AcOEt/hexane, l/l) o 
TLC: Rf, 0.3 (CHClj/MeOH, 49/l)o iK4 1.69 g (11.2 mmol. 56%)o 

(3) Boc-L-Hly(For. OBzl)-OTmse (D^^ 

Boc-L-Ab7-0Tmse (846 mg, 2.0 mmol)^ ^i? 0-^:yi^/^^\l Kn=^iX>'V'T? K 
20 (453 mg, 3.0 mmol). 3 l^ib;^ ]) ^ (166 mg, 1.0 mmol) *5 J; tJ^^M;* y 

(1.20 g, 8.0 mmol) ^M7KT-fe Yl^ (40 ml) IcMU. 90t: T' 4 Brp^jljjl^ 
^fofCo S^S^^^Mig^. ^i^LfCo i^^^/l-^-X/l-T'ttaiU. 0.5 N 7k®?<b 

25 ^^(D^^^-k'^fz. (column: Merck Kieselgel 60 4>2.4xl5 cm, eluent: AcOEt 
/hexane, 1/3) o TLC: Rf, 0.5 (CHClj/MeOH, 49/1) » UK* 235 mg (0.48 mmol, 
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24%) o 

(4) Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-Hly(For, OBzl)-OTmse <D^0. 
7K?nTBoc-L-Hly(For, OBzl)-0Tmse (235 mg, 0.48 nimol){c:TFA (1 ml) ^Mx.^ 

30 ^^ticfibfCo TFA Boc-D-Tyr(Me)-L-Ile-DL-Pip-OH (233 mg, 0. 

5 45 mmol) -i^XU HOBt • HjO (110 mg, 0.72 mmol) ^M^. DMF (1 ml) (;i^jlSL 
ito 7K?nT HBTU (273 mg, 0.72 mmol) ^SitJ^EtjN (0.27 ml, 1.9 mmol) ^M^. 

1 ^rmwvfco RjtM^mmu aa^w^^^^T'tttiiL/co 10% ^=^'^m 

10 -effi^L. :74-— A4^(D@6^#I^#^c (column: Merck Kieselgel 60 $2.4x20 c 
m, eluent: CHCVMeOH, 99/1) o TLC: Rf, 0.65 (CHCVMeOH, 9/1) o 289 m 
g (0.32 mmol, 71%) o 

(5) TFA •H-D-Tyr(Me)-L-Ile-DL-Pip-L-Hly(For. OBzl)-OH <7)'g'^ 

• Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-Hly(For, OBzl)-OTmse (289 mg, 0. 32 mmol) 
15 ^ DMF (1 ml) iZi^M^-^. 1 M TBAF / THF (0.7 ml, 0.7 mmol) ^M^s 30 ^ 

^nt-x T-mT TFA (3 ml) ^iJDXL, 30 ^^Ml^tCo TFA ^W*Ufcm> 
7Vni-x;V*5<tt;5:&?ft^— r/l'^;!JDx.Tefe©«&*tr#fc:o ilXl: 261 mg (0.32 m 
20 mol, 100%) o 

(6) cyclo(-L-Hly(For, OBzl)-D-Tyr(Me)-L-Ile-L-Pip-) *3ctt/cyclo(-L-Hly 
(For, OBzl)-D-Tyr(Me)-L-Ile-D-Pip-) <D^^ 

TFA •H-D-Tyr(Me)-L-Ile-DL-Pip-L-Hly(For, OBzl)-OH (261 mg, 0. 32 mmol) 
tr DMF (3 ml) iC^j5?LfCo DMF (270 ml) ^iZ, ±|Bx h 7^:/^ K/DMF mm 
25 (1 ml). HATU (62 mg, 0. 16 mmol) *5j;U? 0.075 M DIEA/DMF M (1 ml) 
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e^!J;!7y/Vi^n->' hi/^7^'--C-!ft$SlU> i^T:^T-U:^^- (LDLL-#::J3J:tJ« LD 
LD-^$:) CC»:5>Sl^tTo/c (column: Merck Kieselgel 60 $1.5x36 cm, eluent: C 
5 HClj/MeOH, 99/1) „ LDLL-fl: : HX* 61 mg (0.090 mraol, 28%). TLC: Rf, 0.55 
(CHCls/MeOH, 9/1) . RP-HPLC retention time: 22.40 min (column: YMC-Pack C8 
04. 6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient over 30 min, 
flow rate: l ml/min)o LDLD--^ : lIX* 60 mg (0.089 mmol, 28%). TLC: Rf, 0. 
65 (CHCls/MeOH, 9/1). RP-HPLC retention time: 24.29 min (column: YMC-Pack 
10 C8 $4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient over 30 
min, flow rate: l ml/min)o 
(7) cyclo(-L-Hly(For, OH)-D-Tyr(Me)-L-Ile-L-Fip-) (D^^ 
c.yclo(-L-Hly(For, OBzl)-D-Tyr(Me)-L-Ile-L-Pip-) (61 mg. 0, 090 mmol) ^ 
(2 ml) (C^^U/C, Pd-C (100 mg) ^M^. tK^^H^T. ^UX^ 1 

15 mwLito Pd-C ^mmu mm^^^i^ito e#.©*^#fco 

48 mg (0.082 mmol, 91%),, RP-HPLC retention time: 16.02 min (column: 
WakoPak C18 $4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient 
over 30 min, flow rate: l ml/min)o FABMS (matrix: 2, 2' -dithiodoethano 
1): m/z, 588.3379 [M+H]* (Calcd., 587.3319, C3oH4507N5)o 
20 (8) cycle (-L-Hly (For, OH)-D-Tyr (Me)-L-Ile-D-Pip-) <D^}^ 

cyclo(-L-Hly(For, OBzl)-D-Tyr (Me)-L-Ile-D-Pip-) (60 mg, 0. 089 mmol) 

(2 ml) K^Ml-. Pd-C (100 mg)^j!jP;t. 7K^#I1^T. ^ta-Cl^K 
miWhtCo Pd-C<SfMagb. p<^/-/v<lrS*Lfcc ^^^iiSrfirV\ fife^^*^ 
#fc„ ItXi 38 mg (0.065 mmol, 73%) o RP-HPLC retention time: 18.68 min (co 
25 lumn: WakoPak C18 $4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gra 
dient over 30 min, flow rate: 1 ml/min)o FABMS (matrix: 2, 2' -dithiodiet 
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hand): m/z, 588.3388 [M+H]* (Calcd. , 587.3319, C3^^0jn,)o 
mMM4. cyclo(-L-Hly(For, OH)-D-Tyr(Me)-L-Ile-L-Pro-) (D^^ 

( 1 ) Boc-L-Ab7-0Tmse (D^^ 

Boc-L-Ab7-0H (1.46 g, 4.5 mmol) ^iiXXl Tmse-OH (0.77 ml, 5.4 mmol) ^ D 
5 CM (10 ml) IC^j^lL. 7K^^T•CDMAP (55 mg, 0.45 mmol) id^U DCC (1.1 g, 5. 
4 mmol) ^M^. 16 ^mW^Ltio ^mtr^^U TO:i^^/l'-C'ttfct|Lfc<, 10% 

ifyy^—X-l^mX^. i 6<]«^^#fc (column: Merck Kieselgel 60 03.4x 

10 30 cm, eluent: CRCl^^ TLC: Rf, 0.95 (CHClj/MeOH, 9/1) o IR* 1.25 g (3.0 m 
mol, 67%) o 

(2) Boc-L-Hly(For, OBzl)-OTmse (D^^ 

Boc-L-Ab7-0Tmse (2.3 g. 5.5 mmol), O-Ov^/l-fc K/^^v/l-T5 K (1. 

45 g, 9.6 mmol). B ^ it:^ ]) '!7 (465 mg, 2. 8 mmol) XXI^M:^ V J>> (3. 
15 04 g, 22 mmol) ^M^KT-fe (50 ml) i^mM^-^. 90t: 36 mmmm^n 

ofc. Ej^L^m^mmm. mmitz. i;':i^^>u:j^-y^AvmmL. 0.5 n -Mmti- 

(column: Merck Kieselgel 60 $3.4x30 cm, eluent: CHCla/MeOH, 
20 49/l)o TLC: Rf, 0.4 (CHCla/MeOH, 49/l)o itZ* 1.33 g (2.7 mmol, 49. %)» 

(3) Boc-L-Ile-L-Pro-OBzl <D^^ 

Boc-L-Ile-OH • 1/2 HoO (1. 19 g, 5. 0 mmol) jSJztJ' HCl • H-L-Pro-QBzl (1. 02 
g, 5.0 mmol) ^DMF (10 ml) K^Ml^. tK^^T HOBt • HjO (765 mg, 5.0 mmol), 
DCC (1.24 g,, 6.0 mmol) joi^EtjN (0.7 ml, 5.0 mmol) ^Mx. 16 B#F^ii#t 

25 fco mm^^^u aitsr@^s?j^^/V'-t?tttti ufco 10% 4% mt 
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<Oi^i^^#fc (column: Merck Kieselgel 60 03.4x30 cm, eluent: CHCls/MeO 
H, 49/1) o TLC: Rf, 0.8 (CHClj/MeOH, 19/l)p IR* 1.00 g (2.6 mmol, 52 %)o 
(4) Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (D^J^ 
5 7lc}^TBoc-L-Ile-L-Pro-0Bzl (1.00 g, 2.6 mmol) (CTFA (4 ml) ^J0^^ 30 
^mm\^tLo TFA ^W*L, ^JETT'^j^LfCo cn^DMF (6 ml) \Z.mM\^. 
Boc-D-Tyr(Me)-0H (770 mg, 2. 6 mmol) ^M^. J^^V^T7k^^TH0Bt • H,0 (597 mg, 
3.9 mmol). HBTU (1.50 g, 3.9 mmol) *5it)« EtjN (0.88 ml, 6.3 mmol) Ir^Ifl 

X. 16 ^ffiffi^uyto R^^^Wi^wm\^. g^m^i^/vT-ttw Lfco 10% ^^yrni^ 

■7:/^.i/'!j/i.-e^^L. i^i^^f^/^^g*Lfco ixyj^^fWiJ'p-r ^^/^7-<- 
-e^t®[L^ (column: Merck Kieselgel 60 $3.4x30 c 
m, eluent: CHCl^/MeOH, 99/1) „ TLC: Rf, 0.45 (CHCla/MeOH. 19/1), ItK* 1.17 
g (2.06 mmol, 79 %)» 
15 (5) Boc-D-Tyr(Me)-L-Ile-L-Pro-OH (O^^ 

Boc-D-Tyr(Me)-L-Ile-L-Pro-OBzl (595 mg, 1. 0 mmol) ^^^/—fV (10 ml) 
\mmL. Pd-C (200 mg)^^Px.. 7K*#ffl^Tt? 3 ^fmWi^fCo Pd-C 

^i?"/— yV^^^U. i»t^(75g6^tl^#fco 380 mg (0.8 mmol, 

80?6) 

20 (6) Boc-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For, 0Bzl)-0Tmse (^-^"^ 

tK^^T Boc-L-Hly(For, OBzl)-OTmse (394 mg, 0.8 mmol) K TFA (2 ml) 
K.. 30 :9-ra^feaUfCo TFA *®*L. ^JE^i^bfCo DMF (2 ml) 

t. Boc-D-Tyr(Me)-L-Ile-L-Pro-OH (380 mg, 0.8 mmol) ^*PX.. *?&T HOBf 
HzO (183 mg, 1.2 mmol), HBTU (461 mg, 1.2 mmol) 43j;TJ« EtjN (0.23 ml, 1.6 

25 mmol) 16 ^mWl^f^o U.^M^^mU B^m^^/l'"ettffiL. 1054 ^ 
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^^^-^ -C^tiiL. 7;^-— i^^bt<^@6tt)^#fc (column: Merck Kieselgel 60 $ 
3.4x30 cm, eluent: CHCla/MeOH, 99/1) o TLC: Rf, 0.6 (CHClj/MeOH, 19/1) o IIX 
4 470 mg (0.55 ramol, 69 %)„ 
5 (7) TFA-H-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For, OBzl)-OH ©-^^ 

Boc-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For, OBzD-OTmse (470 mg, 0. 55 mmol) $r 
DMF (2 ml) {Z.m-M^'^s 1 M TBAF/THF (1.9 ml, 1.9 mmol) -^M^M^X^ 2 B# 
m«UfCo mk=^^J^X^}^U 10% i!^3i^®?7K«x 

10 rtL{c:7K}^T TFA (2 ml) ^*Px.s 30 ji^W^WX^f^. TFA 7" 
/U<lr;!jflX.Xefe^*^#/Co HX* 437 mg (0.55 mmol, 100%). 
(8) cyclo(-L-Hly(For, OBzl)-D-Tyr(Me)-L-Ile-L-Pro-) (D^^ 
TFA • H-D-Tyr(Me)-L-Ile-L-Pro-L-Hly(For, OBzl)-OH (437 mg, 0. 55 mmol) ^ 
DMF (5 ml) fcl^^fbfCo DMF (160 ml) cj^fiisBx Vv^-f^Y/liW (1 m 

15 1), HATU (63 mg, 0.017 mmol) jo j;^. 057 M DIEA/DMF ^W. (1 ml, 0.33 mmo 
1) ^IB^. MmX' 30 ^mWLfz. 3 Il]i^<9igLfcm. SJS^^^^^L 

/Co g^g?^^/i--C'ttttlL. 10% ^:3i>'|^7KM. 4% «7]<^-:>-hy '^'i^TK^?^. 

*LfCo i/y :^y/^i^n^ (column: Mer 

20 ck Kieselgel 60 <I> 1.5x30 cm, eluent: CHClg). TLC: Rf, 0.55 (CHCla/MeOH, 19 
/Do IR* 160 mg (0,24 mmol, 44%) » RP-HPLC retention time: 7.2 min (colum 
n: Chromolith performance RP-18e, eluent: CH3CN 10-100%/0. 1% TFA linear g 
radient over 15 min, flow rate: 2 ml/min)o HR-FABMS (matrix: 2, 2' -dithi 
odiethanol): m/z, 664.3735 [M+H]* (Calcd. , 663.3632, C3eH5o07N5)o 
25 (9) cyclo(-L-Hly(For, OH)-D-Tyr(Me)-L-Ile-L-Pro-) <0^]^ 

cyclo(-L-Hly(For, OBzl)-D-Tyr(Me)-L-Ile-L-Pro-) (160 mg, 0.24 mmol) ^ 
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mm (3 ml) (Cl^^L, Pd-Wi^^^V (100 mg) ^M^, 7K*#fflMTs 

"T?^^'ft:LfCo ISS 68 mg (0.12 mmol, 50%) o RP-HPLC retention time: 6.2 mi 
n (column: Chromolith performance RP-18e, eluent: CH3CN 10-100%/0. 1% TFA 
5 linear gradient over 15 min, flow rate: 2 ml/min)o HR-FABMS (matrix: 2, 
2' -dithiodiethanol) : m/z, 574.3259 [M+H] " (Calcd. , 573.3163. C^^Jijli^o 
^MM5. cycle (-L-Hly (For, OH)-D-Tyr(Me)-L-Ile-D-Pro-) (D^^ 

(1) Boc-L-Ile-D-Pro-OBzl (D^^ 

Boc-L-Ile-OH • 1/2 H2O (1.39 g, 6.0 mmol) ^^Xf HCl • H-D-Pro-QBzl (956 
10 mg, 4.0 mmol) ^DMF (10 ml) 7K^T HOBt • HjO (613 mg, 4.0 mmol). 

DCC (1.24 g, 6.0 mmol) ^XXf Et^U (0.70 ml, 4.0 mmol) ^Mk. 8 ^fMW 

ufco ^mm^mmu mm^^'^ji-x-mmu m ^^^^i^^tk^^. 4% 

15 Wz. (column: Merck Kieselgel 60 $3.4x30 cm, eluent: CHClj/MeOH, 99 1)„ 
TLC: Rf, 0.92 (CHClj/MeOH, 9/1)^ 1.63 g (3.38 mmol, 85%)o 

(2) Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl <D^li^ 

7K^^TBoc-L-Ile-D-Pro-0Bzl (1.63 g, 3.38 mmol) TFA (5 ml) ^MX. 30 
^r^i^eUfCe TFA ^W*L, ^^itLfco ;itLSrDMF (8 ml) \Z.mmU Bo 
20 c-D-Tyr(Me)-OH (1.50 g, 5.07 mmol) ^MtLs t^C^T HOBt • H2O (518 mg, 3.38 
mmol), HBTU (1.92 g, 5.07 mmol) ■Hi^U EtjN (2.37 ml, 16.9 mmol) ^^Px. 

25 At^(75S6<Ji^^lr#^ (column: Merck Kieselgel 60 $3.4x30 cm, elu 

ent: CHClg/MeOH, 99/1) » TLC: Rf, 0.89 (CHClj/MeOH, 9/1) o IRJI 1.44 g (2.42 
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mmol, 72 %)o 

(3) Boc-D-Tyr(Me)-L-Ile-D-Pro-OH <D^)^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.44 g, 2.42 mmol) ^p<;?y— /V (12 ml) 

{z.mm^'t. pd-c (150 mg) ^iPx.. 7X*#HMT. ^?fi-e 5 m^uw^n-o 
5 Pd-c ^mmu /-/i^^'^^u y:i—j>>'S^<Dmm^Wc„ luifi 1.2 

1 g (2.4 mmol, 99%) „ 

(4) Boc-D-Tyr(Me)-L-Ile-D~Pro-L-Hly(For, OBzl)-OTmse <D^^ 
tIc^^T Boc-L-Hly(For. OBzl)-OTmse (593 mg. 1.2 mmol) tCTFA (5 ml) 

X.. 30 ^mim\^fCo TFA i^JEI^j^LfCo :itb^ DMF (3 ml) icmM 

10 Boc-D-Tyr(Me)-L-Ile-D-Pro-OH (660 mg, 1.3 mmol) ^Mpl. 7k?^T HOBt • 

HjO (230 mg, 1.5 mmol), HBTU (760 mg, 2.0 mmol) *5<tt)^ EtjN (0.56 ml, 4.0 

mmol) 16 \^mmwLtc, Rjt^m^m^u mm^^^i^-^mu 10% ^ 
^ym:^mm.. 4% i^m:^m-^yv '^j>^:^mw. m^-kmyKx^^M^ti 3 

15 7 7^'— T'^^L, .A)|:^<^i6«J#»^#fc (column: Merck Kieselgel 60 $ 

3.4x30 cm, eluent: CHCls/MeOH, 99/l)o TLC: Rf, 0.7 (CHCl/MeOH, 9 /l)e 451 
S 830 mg (0.94 mmol, 83 %)o 

(5) TFA • H-D-Tyr(Me)-L-Ile-D-Pro-L-Hly(For, OBzl)-OH (Z)-^^ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Hly(For, OBzl)-OTmse (830 mg, 0.94 mmol) 

20 DMF (2 ml) \zM%\^. 1 M TBAF/THF (1.9 ml, 1.9 mmol) ^;!30x.. 2 B# 

Zflk:i7mr TFA (2 ml) ^M^. 30 ^^Sfcfityto TFA i^a^^yUai— 5^ 
/>*SDX.T, S&^7|5^#fCo 11X4437 mg (0.78 mmol, 93%)o 
25 (6) cyclo(-L-Hly(For, OBzl)-D-Tyr(Me)-L-Ile-D-Pro-) O-^^ 

TFA •H-D-Tyr(Me)-L-Ile-D-Pro-Hly(For, OBzl)-OH (437 mg, 0.78 mmol) <Sr D 
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MF (5 mL) icmMl^fCo DMF (160 ml) t{-±lBx h K/DMF (1 ml), 
HATU (89 mg, 0.23 mmol) iSXXJ^ 0.081 M DIEA/DMF (1 ml, 0.47 mmol) Itr 

Mt. ^ta-t? 30 ^mwLito rn^o^i^^ 5 mmmLtc^^. Rjt^m^mmi. 

m^LtCo i^!);^7^/Vj5'Pvhj/7 7^--e)SML. S^^&^^lr^li'fc (column: M 
erck Kieselgel 60 $1.5x30 cm, eluent: CHCl, )„ TLC: Rf, 0.65 (CHCl /MeOH, 
9/1), J|X4 340 mg (0.51 nunol, 66%) „ RP-HPLC retention time". 8.2 min (col 
mm: Chromolith performance RP-18e, eluent: CH3CN 10-100%/0. 1% TFA linear 
10 gradient over 15min, flow rate: 2 ml/min)o HR-FABMS (matrix: 2, 2' -dith 
iodiethanol) : m/z, 664.3700 [M+H]* (Calcd. , 663.3632, C36H6o07N5)o 
(7) cyclo(-L-Hly(For, OH)-D-Tyr(Me)-L-Ile-D-Fro-) <D^^ 
cyclo(-L-Hly(For, OBzl) -D-Tyr (Me)-L-Ile-D-Pro-) (200 mg, 0. 30 mmol) ^ 
(3 ml) Pd-^/^yfJ^A (100 mg) ^M:^. 7X*#H^T^ 

15 ^mx* 15 mmmwLfco Fd-mty^v^yj^^mm^mmLti'^. mm^^^Ltco 

g^^f^<fCefe^*^l#fCo HRl: 119 mg (0.21 mmol, 70%)„ RP-HPLC retenrion 
time: 7.0 min (column: Chromolith performance RP-18e, eluent: CH3CN 10-1 
00%/0. 1% TFA linear gradient over 15min, flow rate: 2 ml/min)c HR-FABMS 
(matrix: 2, 2' -dithiodiethanol) : m/z, 574.3229 [M+H]* (Calcd., 573.3163, 

20 c,SM). 

MMme. cycle (-L-A20C (For, OH)-D-Tyr(Me)-L-Ile-L-Pip-) jo j; U«cyclo (- 
L-A2oc(For, OH)-D-Tyr(Me)-L-Ile-D-Pip-) (D^^ 
(1) Boc-L-Ab8-0Tmse (D^l^ 

Boc-L-Ab8-0H (3.37 g, 10 mmol) Tmse-QH (2.86 ml, 20 mmol) ^D(M 

25 (5 ml) iZ.mm^'^s ^?^Tx DMAP (122 rag, 1.0 mmol) iSXXJ^ DCC (2.48 g, 12 

mmol) ^mk.. 6 m^mwLtzo s^s^sr^sigL. i^mmm^^^^xmmLito 
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•r f^^on^^^^^it (column: Merck Kieselgel 60 $ 

3.4X15 cm, eluent: AcOEt/hexane. 1/8) o TLC: Rf, 0.9 (CHClj/MeOH, 9/1) „ 
5 ItZl: 4.20 mg (9.60 mmol, 96%) » 

(2) Boc-L-A2oc(For, OBzl)-OTmse (D-^^ 

Boc-L-Ab8-0Tmse (2.39 g, 5.50 mmol). =¥M 0-<i^v?7Vt Kn^v^yVT^ K 
(1.24 g, 8.2 mmol). B ^ it:^ ]} ^ (456 mg, 2. 75 mmol) XXJ^MM:^ V ^ 
(3.30 g. 22 mmol) ^m7^T±h> (110 ml) K^MU 90V X* 6B mmmV 

^^#fc (column: Merck Kieselgel 60 $3.4x20 cm, eluent: AcOEt/hexane, 1 
/4) o TLC: Rf, 0.5 (CHCVMeOH, 49/1) o ^M. 814 mg (1.60 mmol, 29%) o 
15 (3) Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-A2oc(For. OBzl)-OTmse <D^^ 

^k^T}T Boc-L-A2c.c(For. OBzl)-OTrase (487 mg, 0.96 mmol) {d TFA (2 ml) 
30 ^^Ml^fCo TFA ^^*Lfc^. Boc-D-Tyr(Me)-L-Ile-DL-Pip-0H.(841 
mg, 1.61 mmol) *5j;t>' HOBt • HjO (230 mg, 1.50 mmol) ^Mk.. DMF (2 ml) 
iZ.mMLtlo 7K?&T HBTU (569 mg, 1.50 mmol) jSitJ^ EtjN (0.60 ml, 4.30 mm 

20 oi) ^mk.. 1 mfmwLfz. sM^^HL. aft^s^m^^/v-cttttiufco i 

•^Y'!f7y^—X^Wi\^. i^3bt(^e6<Jife§r#:fc (column: Merck Kieselgel 

60 02.4x13 cm, eluent: CHCVMeOH, 99/1) o TLC: Rf, 0.65 (CHCla/MeOH, 9/ 
25 l)o iR* 213 mg (0.23 mmol, 24%)o 

(4) TFA'H-D-Tyr(Me)-L-Ile-DL-Pip-L-A2oc(For, OBzl)-OH O-S*^ 
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Boc-D-Tyr(Me)-L-Ile-DL-Pip-L-A2oc(For, OBzl)-OTmse (213 mg, 0.23 mraol) 
^ DMF (0.5 ml) iZ^M^"^. 1 M TBAF/THF (0.5 ml, 0.5 mraol) ^M:ts 

-c 30 ^nmi^it^ RjtMt^mm^^. i^m^^^/w-cttttityho 10% ^:3^iymykm 

5 aolfefft^^tlfC, 7K^^T TFA (2 ml) ^M^. 30 ^mM\^tCo TFA 

186 mg (0.23 mmol, 100%) o 

(5) cyclo(-L-A2oc(For. OBzl)-D-Tyr(Me)-L-Ile-DL-Pip-) (D^^ 

TFA' H-D-Tyr(Me)-L-Ile-DL-Pip-L-A2oc(For, OBzl)-OH (261 mg, 0. 32 mmol) 
10 ^ DMF (3 ml) «j|?LfCo DMF (200 ml) ^iC^ ±tS7^ h 7^7^^ K/DMF 

(1 ml). HATU (44 mg, 0.12 mmol) *5 .ttJ^O. 053 M DIEA/DMF (1 ml) ^Mx., 

^'I-T^ttlUL. 10% ^ ::^ym7\(.mf(^. 4% J^m?^*-^ b ^ •J' -^tK^^, l&fPitit 

15 i^Vl^y/l^i^^-^h^yy^-XmmV. ^^-^.^(Dn&Jl^^Wc (column: M 
erck Kieselgel 60 * 1.5x35 cm, eluent: CHCL/MeOH, 99/1) « IXfi 47 mg (0.0 
68 mmol, 21%) o LDLL-'f^ : TLC: Rf, 0.6 (CHClj/MeOH, 9/1), RP-HPLC retenti 
on time: 24.02 min (column: WakoPak C18 ^>4. 6x150 mm, eluent: CH3CN 10-10 
0%/0. 1% TFA linear gradient over 30 min, flow rate: 1 ml/min)o LDLD-ft: : 

20 TLC: Rf, 0.65 (CHClg/MeOH, 9/1) . RP-HPLC retention time: 26. 56 min (colu 
mn: WakoPak C18 $4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradi 
ent over 30 min, flow rate: 1 ral/min)o 

( 6 ) cyclo (-L-A20C (For, OH) -D-Tyr (Me) -L-Ile-L-Pip-) X tJ^cyclo (-L-A2oc 
(For, OH)-D-Tyr(Me)-L-Ile-D-Pip-) (D^^ 

25 cyclo (-L-A20C (For, OBzl) -D-Tyr (Me) -L-Ile-DL-Pip-) (47 mg, 0.068 mmol) 

(1 ml) (C^^LfCo Pd-C (100 mg) **PXL, tK^^B^T. ^UX 1 W 
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mmWVfZo Pd-C ^mmU fm^^^LfCo HPLC ^j^m^^^. v>T^Xl/:t 

n6fe©)^*?r#fc (column: YMC-Pack C8 $10x250 ram, eluenf. CH3CN 44-5391 
/0. 1% TFA linear gradient over 20 min, flow rate: 3 ml/min)o LDLL-#: : ilX 

5 i 10 mg (0.017 mmol, 25%). RP-HPLC retention time: 20.14 min (column: Wa 
kg Pak C18 4>4. 6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient 0 
ver 30 min, flow rate: l ml/min)o HR-FABMS (matrix: 2, 2' -dithiodiethano 
1): m/z. 602.3521 [M+H]* (Calcd. , 601.3476, Cs.MtNb). LDLD-<^ : HXl: 6 mg 
(0.010 mmol, 15%) > RP-HPLC retention time: 22.43 min (column: WakoPak CI 

10 8 $4.6x150 mm, eluent: CH3CN 10-100%/0. 1% TFA linear gradient over 30 mi 
n, flow rate: 1 ml/min)o HR-FABMS (matrix: 2, 2' -dithiodiethanol) : m/z, 
602.3526 [M+H]* (Calcd., 601.3476, CaiM^Nj), 
MMM 7 . eye 1 0 (-L-Am6 (Tf acet) -D-Tyr (Me) -L-Ile-D-Pro-) (D^fii 

(1) Boc-L-Ab6-0Bzl 

15 Boc-L-Ab6-0H (622 mg, 2. 0 mmol) *5 J; ^^/^T/U^—ZV (0.26 ml, 2.4 
mmol) -^DCM (8 ml) tK^^TT' DMAP (24 mg, 0.2 mmol) DCC 

(453 mg, 2.2 mmol) ^M^-^mWLti. DCM *g*L, MW^^^^^^ 

10% ^:^ym7^^^. 4% mmj^m-r h ]} ^ j>^:^mmx^tMti 3 msfc 

20 \/=i.^ Vi-^Y^^jy (column: Merck Kieselgel 60 $2.5x15 cm, eluent: C 
HCls/MeOH. 99/1) -Ci^iSlU. JRl: 626 mg (1.6 mmol, 78 %)o 

TLC: Rf, 0.94 (CHClj/MeOH, 9/1) » 

(2) Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Bzl (D^J^ 

Boc-L-Ab6-0Bzl (626 mg, 1.6 mmol) {C7K?^T TFA (2 ml) ^Mx., 30 ji^m 
25 ox: X^tkmU Boc SSrl^^LfCe TFA MJET^i^b H-L-Ab6-0Bzl • TF 

A <D?fi^^.^#yCo Boc-D-Tyr(Me)-L-Ile-D-Pro-OH (870 mg, 1.7 mmol) 
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^ DMF (3 ml) ' KmML. tK^pTI: HATU (712 mg, 1.9 mmol). ioXU Et,n (0. 
7 ml, 4.8 mmol) 3 mmW\^1to DMF ^W*L. ^ffitilS^m^^/V^iP 

7.. 10% jJ'oi^/^tK^^^s 4% ^m7K^':^^y e'ATK^^^-e^ti.m 3 inijfei^ 

5 3.^ n-r h^y 7>f — (column: Merck Kieselgel 60 02.5x20 cm, eluent: CH 
Clj/MeOH, 99/1) T'fti^L. y^-^^m^o JtK* 1. 1 g (1.4 mmol. 89 %)o T 
LC: Rf, 0.92 (CHClj/MeOH, 9/1) o 

(3) Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H (D^f^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Bzl (1. 1 g, 1. 4 mmol) /WC^ 
10 ^L. 5% Pd-C (80 rag) ^1}\i±X H, t 6 mmRJt^^^fCo 

M^ni^LXy ^-J^^mco HX* 925 mg (1.3 mmol. 96 %)„ TLC: Rf, 
0.52 (CHClj/MeOH. 9/1) o 

( 4 ) cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (D^J^H 

Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H (925 mg, 1.3 mmol) {C7K^^T TFA (3 m 
15 L) ^*D^, 30 ox: T-SJcgU Boc ^^^*bfCo TFA ^®*L. :^-y'Jl^ 
7^/l,^tPxT&fei|^*5r#fCo H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H • T 
FA , HBTU(759 mg, 2.0 mmol), HOBt (306 mg, 2.0 mmol) ioXU^ DIEA (1.46 m 
1) ^ 5 ^^\LX 30 DMF (240 ml) \Z.M^X. Sg-fbSii&tr^TofCo 2 ^ 

. m^^i^B^^^i^x^mi^f^^^i'Mzim.*} . 10% ^:^ym:^^^. 4% ^M^k 

#feo JlXl: 267 mg (0.43 nunol, 32%) o TLC: Rf, 0.82 (CHClj/MeOH. 9/1) „ RP-H 
PLC retention time, 9, 04 min. HR-FABMS (matrix: 2, 2' -dithiodiethanol) : 
m/z, 579.2197 [M+H]^ (Calcd. , 578.2132, CorH^oOgN^S'^Br) „ 
25 (5) cyclo(-L-Ain6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) <D^^ 

cyclo(-L-Ab6-D-Tyr(Me)-L-Ile-D-Pro-) (230 mg, 0.40 mmol). ^Sit)'^:^!^ 
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iS;!7y !>A (69 rag, 0.60 mmol) <^DMF (1.0 ml) «(C^iP;tT 3 B#rHlS^&^ 
•frfCo DMF ^®5feL> ^JS^@^m^f-^H:itttaL. 10% j^::c^^7K^^g*5 iU?^ 

iNlr#fco JRl: 230 mg OlOO %)» TLC: Rf, 0.82 (CHCVMeOH, 9/l)o 
5 (6) cyclo(-L-Am6(Tfacet)-D-Tyr(Me)-L-Ile-D-Pro-) <D^^ 

cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 20 mmol) ODMF (Im 
1) ^IStC;^ ^y-;H4Ty^=T (1.0 ml) ^f^ffl $-&TTir^/v£^I^*LfCo 
^)|iW*^DMF (1.5 ml) 3-Bromo-l. 1. 1-trif luoroacetone (0.062 ml, 

0.60 mmol) *5j;U? EtjN (0.085 ml, 0.60 mmol) tr^JPx., — ^SJ^?^-^fCo DMF 
10 M^I^M:^^/K-tttti 10% ^:3:>'i?7K«fc*J:tJ^^^7KT*^tb 

:|^ife^HPLCT-*Si^L> a#.*&*15 mg (12%) ^#fCo HR-FABMS (matrix: 2, 2' -d 
Ithiodiethanol) : m/z. 643.2768 [M+H]\ (Calcd. , 642.2707, CsoH^OeN^FsS) „ 
8 . cyclo (-L-Tfm-D-Tyr (Me)-L-Ile-D-Pro-) (D^^ 
15 (1) cyclo (-L-Asu (0- • Lr)-I>-Tyr (Me) -L-Ile-D-Pro-) (D^^ 

cyclo(-L-Asu(OBzl)-D-Tyi-(Me)-L-Ile-D-Pro-) (410 mg. 0. 63 mmol) ^LiOH 
(53 mg, 1.2 mmol) t^\^TWP (2 mL) to^Wk (2 ml) icM^ls 7K^T— ^^t 
WLfZo mm^^^l^. ^-X/V^^P^-C®<bL/Co JtK* 355 mg (100%)o HPLC: 
9. 7 min (Chromolith, 10-100% OIjCN gradient containing 0. 1% TFA over 15 
20 min)o 

( 2 ) cyclo (-L-Tfm-D-Tyr (Me) -L-Ile-D-Pro-) (O^^ : 

cyclo(-L-Asu(0- • Li*)-D-Tyr(Me)-L-Ile-D-Pro-) (355 mg, 0. 63 mmol) fl: CHj 
CI, (10 ml) tC^^?L. tKMT* (CFsCOaO (0.6 ml, 3.8 mmol) ^iDt^ ?^^V^•^k° 
y v'^' ( 0.41 ml, 5 mmol) ^M^iXMUX^ 4 WmmWLtZo S«(-7k (10 m 
25 1) ^*D;t-C^oyS:#. @6<)^k^i^Sr CHjClj tJltttti t^o 'r«ISSra®?-v^;!^'> 

^M^-^mm^^^u mmt^bnmt^f^^ hplc -c^miiHiigbyte nx* 155 mg 
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(40%) o HPLC: 8.0 min (Chromolith, 10-100% CH3CN gradient containing 0.1% 
TFA over 15 min)e HR-FABMS (matrix: 2, 2' -dithiodiethanol) : m/z, 611.30 
41 [M+H]* (Calcd., 610.2966, C30H42O6N4F3) „ 
MMM 9 . cyclo (-L-Pf e-D-Tyr (Me) -L-Ile-D-Pro-) 
5 cyclo(-L-Asu(0- • Li*)-D-Tyr(Me)-L-Ile-D-Pro-) (355 mg, 0. 63 mmol) ^CHjC 
I2 (10 ml) (c:^^i?U. yia^X* (CFjCFzCOzO (0.75 ml, 3.8 mmol) ^*P;t^ ?feV> 
T't°<Jv^:/ ( 0.41 ml, 5 mmol) ^mx.Xm^-X: 4 Wjf^L/Co SM{-7j< 

(10 ml) ^M^xm^ft^. s^^b^i^MzCMctttBLfc^ ^mm^wm.-^^^^ 
v^!>AT'^j^^g*u. m&b^h^^it^m^ HPLC x'jmwm^i'f^o hr* le m 

10 g (5%)o HPLC: 8.8 min (hydrate) and 10.5 (keto) (Chromolith, 10-100% CH3C 
N gradient containing 0, 1% TFA over 15 min)o HR-FABMS (matrix: 2, 2' -dit 
hiodiethanol) : m/z, 661.3050 [M+H]* (Calcd., 660.2955, C31H42F5O6N4) „ 
Ulif !l 1 0 . cyclo (-L-Aph-D-Tyr (Me) -L-Il e-D-Pro-) W-g-fife 
(1) Boc-L-Aph-OTmse <D^1^ 

15 Boc-L-Ab7-0Tmse (425 mg, 1 mmol) <DT-feh^hy/U (2 ml) ^(C, Nal 
(150 mg, 1 mmol) *5j;TJ« P(0Me)3 (500 mg, 4 mmol) ^li^K. 70t:- T* 20 ^FbI^ 

^^""y^J^^X^mk. i^M^^yV^®5feL-C Boc-L-Aph-OTmse (440 mg, 98%) ^ 
#fCo FABMS (matrix: 2, 2' -dithiodiethanol): m/z, 354 [M+H]*o 
20 (2) Boc-L-Aph-OH (D^Ji^ 

Boc-L-Aph-OTmse (440 mg, 1 mmol) <^DMF (1 ml) ^Uk^. 1 M TBAF/THF (2 m 

i)^*px:>.2 ^m^m.xmw\^fcc dmf ^mi:\.it'^w&^^'^^^MzMm\^s 

=^'^/V^W^LX Boc-L-Aph-OH (250 mg, 0.71 mmol, 70%) ^WCo 
25 (3) Boc-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-OBzl <0^^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (416 mg, 0.7 mmol) SrTFA (3 ml) "C 30 ^ 
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^at^ TFA ^g^LT TFA-H-D-Tyr(Me)-L-Ile-D-Pro-OBzl ^#fCo -tltc B 
oc-L-Aph-OH (250 mg, 0. 71 mmol) (O DMF (3 ml) HBTU (400 mg, 1. 05 mm 

ol). HOBt 107 rag, 0.7 mmol) *5j;U5 EtjN (0.5 ml, 3.5 mmol) tr*n;iT0'C 
T';^«^LfCo DMF^g^Lfc^. M^@^i^::^^/V«t±i L. 10% ^J'^^'S^tK 

Lt. Boc-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-OBzl (200 mg, 0. 24 mmol, 35%) ^# 
fco MALDI-TOFMS: m/z, 854 [M+Na]*„ 
(4) cyclo(-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-) <D^^ 
10 Boc-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-OBzl (200 mg, 0. 24 mmol) ^/^/—Ji^^ 
5% Pd/C (50 mg) W^fTii^mMLs Boc-L-Aph-D-Tyr(Me)-L-Ile-D-Pro-OH (16 
0 mg, 0.22 mmol. 92%) Sr#fc, Boc S^^i^T 30 ^<D TFA (2 ml) ^®-e^ 
*L.. ov>-e TFA ^H*^.. =^-''rMz^^xmitL1to mbnitT h y^'f'f- 
K TFAit (140 mg, 0. 20 mmol) (D DMF (75 ml) ^m^. HATU (114 mg, 0. 3 mmo 
15 1) *5j;tJ« DIEA (0.12 ml, 0.7 mmol) ^1}\l?iMUXB:WLfz„ 3 B^FhI^. »ET 
DMF -^©^L. M^g^^^^'UCttfflt; 10% ^'o^y^TK^t^. 4% NaHCOjTK 

«^ (15 mg, 0. 024 mmol, 11%) Sr#fco HPLC retention time, 7. 0 min (Chromol 
20 ith, 10-100% CH3CN gradient containing 0. 1% TFA over 15 min)o HR-FABMS (m 
atrix: 2, 2' -dithiodiethanol) : m/z, 623.3177 [M+H]MCalcd, 623.3210, C30 

H4708N4P)o 

mmm n . h d a c mmmmm^oBim 

25 t?fc5N(0H)C0H(n=4), N(0H)C0H(n=5), N(0H)C0H(n=6), COOH, COOMe, COOBzl, T 
fk, Pfek, Mtfk, Stfk, SMe, SOjMe, kph(DBMBMfS^(^MMt:ff<:>1to 
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"efc5ll3(C^i-J; 5?fcCyl-l, Cyl-2 (Furumai et al. (2001) Proc. Natl. 

Acad. Sci. USA, 98, 87-92.) ^yzi^mH^T h y^':^'^ ^^^^(0=1^7 :t 
;^-^y3yRUm^mt.X^(D^mm^^^nLfCo ^^OCyl-l, Cyl-2{i3t#:3 

HDACPlWfSttay^^tT 5 13 ^ ^(nm HDACM^P^ U/Co 1 0 0 mm 

i/v'^.iCl X 1 0''(@(D2 9 3T«^^#x 2 4^TOl-t: bHDACK 4^^c: 
{i-^l>;^HDAC6^|§^i"5^i5'^— (liii g) ^LipofectAmine 2000 reagent (Li 
10 fe Technologies, Inc. Gaithersburg, MD) ^ffiV^T h 7 7 3: a V L^Co 
fa^. ±|Et: hHDAClli^^iJ^iJ^-ttp CDNA3-HD 1 (Yang, W. M. , Yao. 
Y. L. , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Biol. Chem. 
272, 28001-28007.) , t h HD A C 4^^^i5' ^— {i p c DN A 3 . . 1 ( + ) 
— HD4 (Fischle, W. , Emiliani, S. , Hendzel, M. J., Nagase, T. , Nomura, 
15 N. , Voelter, W. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1172 
0.) . ^'^7XHDAC6l§m'-<^ tip c DNA-mHDA2/HDAC 6 (V 
erdel, A. & Khochbin, S. (1.999) J. Biol. Chem. 274, 2440-2445. ) ^ 

OPT I -MEM4'-e5B#FHl^:J'^5?— Sr^!3ii]i*fc:#s Dulbecco's modified 
20 Eagle' s medium (DMEM) \Z.'^^^^^\.XVi^fi^^ y^=L^- h UfCo M 
^PBST'^ofc^. lysis buffer (5 0mM Tris-HCl (pH7. 5), 
12 0mMNaCl, SmMEDTA, 0. 5%Nonidet P-4 0) 
MSb. y = <5r-iX3 yUfco ±m^:M>b^m\^X^M'^. ProteinA/G plus a 
garose beads (Santa Cruz Biotechnologies, Inc. ) tr^^^T^ ^#^6^^ 
25 ^I^VN^p HDACl. HDAC 4^?^^^-^t.mm±m\at, ant 

i-FLAG U2^i^ (Sigroa-Aldrich Inc.) ^M:t^ HD AC 6 ^ISm^lt^ 
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lffl)IS±?tlC(±a n t i -HA^#: (clone 3F10, Roche Molecular Biochemical 
s) SrA0x.-C4t-t?lB#WSl£^-i:fCo 

:inKrifr2-:^\f—^^Mx.X4'C-r^l^mS.lt-^^fc^. lysis bufferl? 
T:^n— ;?vt:"— X^3|l]?5fcV\ HD buffer (2 0mM Tr i s-HCl (pH 
5 8. 0) , 1 5 OmM Na C 1 , 1 0%^y-fe:n— ;V, a complete protease in 
hibitor cocktail (Boehringer Mannheim, Germany) ) "CI lH^fcol^Co HD buff 
er {2 0 0 u 1) F L AG^7"9^ F (4 0 m g) (Sigma-Aldrich Inc. ) t.tc 
fiHA-^T'^K (lOOMg) ■r'4'C. imm4y^=i.^-hVXr:ffx2-:^\i^ 

10 ^4alJ^{cffiv^fco 

hy^^'^h'^l^^s 7VX3 o^m^y^^^— hi- 5^<br-tTofc {Rjt^^ 
15 m2 0fi I) o Sf&^l- 3 0/: 1 o h y ye^:/Sr^*D LT. ^^SiS-c^ "9 iiJt^ 

tin:/ hP-/K^*5ft^ HD A 0^-14(75 5 0%P1§IS^( riQo (mM) J )-C^L 

fc (^1) o 

20 ^fc. iyj FiVo^(7)HDACPl§^#}*p217°t3^-^-^^?gtt^JtM{-^(^3i!9 
^Lfcio ^®l(c:ffiV^fcMFLL-9m{*t hl^^Mp2iro^-^-^;l-v'7 3i^- 
•^t^it-a-itfe^ (Dr. B. Vogelstaein) t:^M\Z.^WLitmmXh^ s 10%FBS 

:^M^ma Ltc4 y^a.^-'^-^m^Xl^m^ff^fCo <^MFLL-9j^|BflS ^ 85000 
25 m/vellomS^^^Xd elZ-^^^nzfU- hi^mmU #well^fcO±IB(7>l# 
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Luc Lite (Packard BioScsience Company) ^IrfflV^^ |fflJ5aF^^^l^^tTV^^;^i^ 

xmti^tL (*i) o 
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IC50 (pM) 



HDAC1 H0AG4 



P21 ya=E-^ 

HDAC6 EC50 (^) 



N(OH)COH 33.9 25.2 



N(OH)COH 23.9 17.5 



N(OH)GOH 0.067 0.13 



N(OH)COH 6.36 7.02 



N(OH)COH 13.5 18. 



N(OH)COH 0.026 0.074 



N(OH)GOH 0.033 0.090 



COOH 4. 07 



COOMe 0. 12 



COOBzl 



m 



Tf k 0. 73 



Pfek 0.85 



Mtf k 0. 047 



Stfk >500 



SMe >S00 



SOjMe >500 



0.07 



tlT 



0.61 



1.22 



0.19 



NT 



>500 



>500 



Aph >500 >500 
TSA 0.022 0.020 



14.3 
8.19 
0.18 
12.2 
11.2 
0.78 
0.029 
>500 
>500 

NT 
1.44 
5.72 
0.95 

NT 

>S00 

>500 

>500 
0.028 



Cyclo(X-y(He)-l-pip). 
>100 n=4 

Cyclo(X-y(He)-l-Pip). 
>100 n=4 

Cyclo(X-yaile)-l-pip). 
3.73 n=5 

Cyclo(X-^(Me)-l-pip). 
>100 n=6 

Cycio(X-y(Me)-l-Pip). 
>100 n=6 

Cyclo(X-y(Be)-l-p), 
5.42 n=5 

Cyclo(X-yOle)-l-P). 
61.1 n=5 

Cyclo(X-y([3e)-l-p). 
>100 n=5 

Oyclo(X-y(He)-l-p). 
3.95 n=5 

CycloO{-y(l!te)-l-p). 
>100 n=5 

Cyolo(K-y(tte)-l-p). 
3. 09 n=5 

Cyclo(X-y(tte)-l-p). 
>100 n=5 

Oyclo(X-y(Be)-l-p). 
6.64 n=S 

Cyclo(X-y(lle)-l-p), 
>100 n=5 

Cyclo(X-yaiB)-l-p), 
>100 n=5 

Cyclo(X-yOle)-l-p), 
>100 n=5 

Cyclo(X-y(Me)-l-p), 
>100 n=5 
0.77 
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^cfyOileXiD-Tyrdlle), Tyr(Me) fiO-methyltyrosine, IftL-Ile, pipfiD-pipec 
olic acid, Pip«L-pipecolic acid^^i" (T5 :i:^*|BT'^LT*3«9x 



t ^^^#;a■^^*fflJ13 (HeLa) (ilO%FBS^^;!jP UfcDMEMJ#Jft^^V\ 37°C. 5%IL 

ilffliia^l5000{i/ml(Dj|fflMSt?6:A:y^- Mj:2 mljSab^ IS^I^itHLyt^x 
^^ib-a-i^M^MU. 5lti^#6B#W«LfCo »^PBST'?5feofc#s lysi 
25 s buffer (5 OmM Tr i s -HC 1 (pH7. 5) . 1 2 OmM Na C K 
5mM EDTA. 0. 5% No n i d e t P-4 0) M^t. V=^^—'y3 
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^Lfco ±m^:MMm\^X^Mil^. SDS buffer ^?l-^b. lOO^C^^Sr^-WS t 
^f-y7°/wSrl5%SDsy/i'-Cti^^«i^s ;^y^\^y7^;uJ>,\z.hyy:^7 7-L 
Ito 1 ^ifii^il hXAKL5Cl('J^^<y^i^i^-). 2d^1^W- : anti--^!^;^ (LIFE SC 
IENCE)-e^S^ECL(amersham pharmacia biotech)^3ffi L. T^^Mt^O V(D^ 

Tfk. Pfek, Mtfk*5j;mph(7))WiiS«#7^;^ h^t hJWlE^^^ (TIG-3) , t h 
^^'&;5SA/^.|flJ3S (HeLa) ^SrffiV^XfrofCo wtLbTIG-3^ffllS. HeLa^fflflSlrlO%FBS^^ 
15 J!JDUfcDMEM^;tetrfflV\ 37^:. 5%z:m{bi^^#^T. 7K^^t&?P Lfc-f :/^^-< 
-^'-I'fflV^-CJt^^'fi'o/Co TIG-3J4l5000fi/welK HeLa{i5000i@/weIl(7)Siffi 
M^-e9 6 5t-r^^P7°l-— h{-»aL. ^well^fcipifEOMlOOMl^-ei 

20 ^welltCCell Proliferation Kit II (XTT) {ni/a. • ^^T^ J T^'T ^ 

^tybo +^)-'J?M#.^lS/55iiA./c*?>, 0D495 nnKD^^^M^-r-^ ^ tx^U- h V - 

25 iCso) ;55ii5v^{5i:\ i^A^msm^mmm^^mmvx^^^^^t^T^i-o 
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«2 





ICgo (nM) 








HeLa 


TIG-3 




TSA 


12.3 


151 


12.3 


Tfk 


8.8 


87.1 


9.9 


Pfek 


616 


13443 


21.8 


Mtfk 


52.5 


468 


8.9 


Aph 


>50000 


>50000 





'5 cyclo(L-Asu(OPD)-D-Tyr(Me)-L-Ile-D-Pro) cD'&Sfe 

(1) cyclo(L-Asu-D-Tyr(Me)-L-Ile-D-Pro) <D^^ 

^'^■(^If^X^^^Ltz cyclo(L-Asu(OBzl)-D-Tyr(Me)-L-Ile-D-Pro) (360 mg, 
0.56imnol) 7 — /V(20 ml) K^Ml^. Pd/C (100 mg) ^Mx.X5^mi^M 

★^jStc UfCo mm^M^ U -^V^^m^ LT cyclo (L-Asu-O-Iyr (Me) -L- 

10 Ile-D-Pro) -^Itfc o IlXaSlO mg (0.56 mmol, 100%) o 

( 2 ) cyclo (l-Asu (OPD) -D-Tyr (Me) -L-Ile-D-Pro) (D^f^ 

cyclo (L-Asu-D-Tyr (Me) -L-Ile-D-Pro) (150 mg, 0. 27 mmol) ^DMF (2 ml) \Z. 
^fi?L^ HOBt-HjO (41 mg, 0.27 mmol). HBTU (154 mg, 0.4 mmol)> o-phenylen 
ediamine (58 mg, 0. 54 mmol) . id iiXy^Y ^) =i^^/vr ^l^ (0.12 ml, 0. 8 mmol) 
15 ^O-CT'^D PL 3 t /Co ^n^Yifyy^ -X^n L-x cyclo (l-A 

su (OPD) -D-Tyr (Me) -L-Ile-I>-Pro) $r#fc: (column: Sephadex LH-20 $2.0x100 c 
m, eluent: DMF)„ lIXM 140 mg (0.216 mmol, 80%)o 

1 5 . cyclo (l-Asu (GAPOH) -D-Tyr (Me) -L-Ile-D-Pro) *3 J; t>' cyclo (l-Asu 
(OAPNH) -D-Tyr (Me) -L-Ile-D-Pro) ©-^fife 
20 HWJ 1 t m^fOlomX'^^ Lfccyclo(L-Asu-D-Tyr (Me)-L-Ile-D-Pro) (150 m 
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g, 0.27 minol) ^IrDMF (2 ml) (31^^ t. HOBt-HjO (41 mg, 0.27 ramol). BOP 
(179 mg, 0.4 mmol). o-aminophenol (35 mg, 0.32 mmol) . ^S.ttJ'b y Ji'^/V 
(0.12 ml, 0.8 mmol) ?rO°C T*;!jP;i3 f^mUWl^tCo ^/i^MM^ ^-^h^ 
7 •^-fcyclo(L-Asu(OAPOH)-D-Tyr(Me)-L-Ile-D-Pro) (c 

5 olumn: Sephadex LH-20 02.0x100 cm. eluent: DMF)o iiXJk 70 mg (0.108 mmol, 
40%) ^btil^tii^i^tt cyclo(L-Asu(OAPNH)-D-Tyr(Me)-L-Ile-D-Pro) lr#fc 
(column: Sephadex LH-20 $2.0x100 cm, eluent: DMF)o 50 mg (0.08 mmol, 

30%) „ 

MMM 1 6 . cyclo (l-Asu (OATP) -D-Tyr (Me) -L-Ile-D-Pro) dimer ©-^JEife 
10 ^ifeMl i:|WHitD;^fe-c-'g'^Lfecyclo(L-Asu-D-Tyr(Me)-L-Ile-I>-Pro) (125 m 

g, 0.22 mmol) ^DMF (2 nl)\C^ML. HOBt. HjO (34 mg, 0.22 mmol). BOP 
(146 mg, 0.33 mmol). o-aminothiophenol (33 mg, 0.33 mmol). ijBitJ^MJj^ 

^flT%y (0.12 ml, 0.8 mmol) ^OT X^Mx.. 3 f^mW^Ltlo ^'^MM^^ 

-^Y^^y ^ — T'iWS^ L. cyclo (l-Asu (OATP) -D-Tyr (Me) -L-Ile-D-Pro) (D SS-di 
15 mer ^#fc (column: Sephadex LH-20 $2.0x100 cm, eluent: DMF)„ 1|XS 120 m 

g (0.09 mmol, 80%) « ^<7>SS-dimer (iv^^f^U^ V — iVXtWjt-t^h . 

OPDs OAPOH. GAPNH. OATPfCOV'T. in Kitro^<7>HD ACPIWStt^Mtfco 

20 m^:fjmitmmm 1 1 etc. m^^m^Lfcit^<^<Dmm(o-m^m 5 ij:* 

so (am) j )xmLtc ms) o 
^fc. in viv(m(Dmkcm.mmmtp2i:/tx^-'^-mmm^^^mmMLfco 

25 50%(DU^7^-t^(O^&( TeCjo (mM) J ) ^S^fflV^Ttt;i|{^ Ufc (^3) „ 
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X 


HDACl 


lCsoi\iM) 
HDAC4 


HDAC6 


ECso(^M) 


OPD 


4.04 


15.7 


321 


30.9 


OAFOH 


1.22 


0.23 


5042 


55.1 


OAPNH 


0.40 


0.24 


441 


12.9 


OATP 


2.03 


0.23 


408 


>100 



5 mm<Dit'kmX HDACI, 4i6i.UQI,<Lm^i^X\f^^m^(0^^t.fc\t^^(D± 

10 (Dit'^i^(Dmm:foWiit. mtcfmn^^w-o tcwkcmmmti: t'(Dmmz.^-^i-?> z 
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1. &.T<D-^^ (1) T^^^tlS-fb-^tio 




( 1 ) 



10 i^^t»tT/^^y^■^ov^-fn7i^^7]^•fo •^/c^ Rji-bRjo. Rs^iRsa. Rai-i^Rss. R32<^ 

2. u^&.r<omm^v7^i-m^M<o\,^-rtit^x'h?). ff^^icnE^o^b-a-^c, 
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10 



15 



20 



N(OH)COH 



CH3 

0>^ >^0 COOMe 



FsCs^O 




CF3 



S 
I 



H 
N 



CF3 
I 

FpC^ ^0 Pfek 



Mtfk 



OPD 



25 



wo 2004/113366 



PCT/JP2004/008924 



- 5 8 - 

H 
N 



5 




OAPOH 



OAPNH 



10 

H 




OATP 



3. m^mi^n<^itkm^mM^tlX^^ir^. fcx h>flJiT-fe^/MbS^ 

9. mM^imm(oit-^i^^m^m^tLx^^-r^. \i:^yym'^'fMm 
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1 1. -m.^ (2) 



(2) 

Pi-NR11^ ^COOH 

R22R23 R32R33 R42R43 



y y X 



(3) 

HNR2i^ "^CONRsi^ ^C0NR4i^ ^COOP2 

^22* ^23* ^31' ^32» ^33» 

(4) 

/ Vx 

I r^l) R22 R23 R32 R33 R42 R-SS 

W" X ' y y 

JR11^'^^^C0NR21 '='^^^^ CONRsi^''*^'^ CONR41 '^^^'^^ COOP2 

(4) 

n, Rjj, R21, R22J ^23' ^ZV ^32> ^33> ^4lJ ^42» ^43> P 

^fdfi-iS^ (5) 
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R22 R23 R32 R33 R42 R43 



y X y 



(5) 

Pi-NR2i^ "^CONRsi^ ^C0NR4i^ ^COOH 

(^t"^ Rjjj, R^, R,3, R3J, R32, R33, R^j, R^2, R43. ^^^Pl 111121?^^ 



" (6) 
HRiiN^''^C00P2 



R22 R23 R32 R33 R42 R43 

y v 




Pi -^3R21*^' ^ CONRsi'^^''''^ CONRfli '''''^^ CONRii"''*^ COO P2 

(7) 

(^'f'^ n, Ru, R21, ^23* ^^31* ^32» '^33' ^41* ^42' ^^43' ^1* ^2' S.t)^X 
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CF3 



CH3 CF3 r 



H'^N''°" ^ 



N(OH)COH COOMe Tfk Rek Mtfk 



OH 




CF3 
SO2 



CH3 
I 

s 

I 



CH3 

I 

S02 



H3Cd— P-OCH3 

I 



COOH COOBzl Stfk SSy/ie S02Wte 



Aph 



H 



H 



H 




1^ 



HS 



OPD 



OAPOH OAPNH 



OATP 
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m4 



TSA Ttk Pfek Mtfk Stfk Aph 
DMSOlO 1 10 1 10 1 10 1 10 1 10 1 (jiM) 





]R4 MS CdOH OBzd OM© §M(sS02Me 

DMSOiO i 10 1 1® 1 10 1 10 1 10 1 10 1 10 1 



(JAM) 



tX h> H3[> 
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